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ABSTRACT 
Selected marine protected areas (MPAs) within coral reef environments 
have been shown to increase local fisheries yields.  The UK based NGO Coral 
Cay Conservation (CCC), carried out baseline biological surveys across twelve 
patch reefs within Ascension Bay, UNESCO Sian Ka’an Biosphere Reserve, 
Yucatan, Mexico.  The Bay is managed and exploited by Pescadores de Vigia 
Chico (PVC), an exemplary managed community-based fishing cooperative, 
targeting spiny lobsters (Panulirus argus).  Results from the baseline surveys 
were analysed using a method developed to assess an area of reef and assigned 
a simple relative conservation management value rating, designed to be used 
and interpreted at the community level.  Each of the twelve sites was assigned 
a “high”, “medium”, or “low” relative conservation management value rating 
dependent on six variables, such as coral and fish species richness and 
diversity.  Two sites recording “high” were recommended to PVC to be 
managed as small community managed MPAs, with results and recommenda-
tions disseminated through a series of workshops and presentations within the 
community, and to other stakeholders.   
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Aplicación del Ranking ‘Valor de Conservación del Arrecife’ 
para Ayudar en el Manejo de una Pesquería Tradicional, 
Reserva de la Biosfera UNESCO de Sian Ka’an, México 
 
Determinadas áreas marinas protegidas (AMPs) en medioambientes 
arrecifales han demostrado un incremento en las capturas de las pesquerías 
locales. La ONG Británica Coral Cay Conservation (CCC) realizó una serie de 
estudios biológicos de línea de base en doce arrecifes parcheados de la Bahía 
de la Ascensión, Reserva de la Biosfera UNESCO de Sian Ka’an, México.  La 
Bahía está manejada y explota por la Cooperativa de Pescadores de Vigía 
Chico (PVC), una cooperativa pesquera local manejada ejemplarmente, y que 
pesca principalmente langosta espinosa (Panulirus argus).  Los resultados de 
los estudios de línea de base fueron analizados utilizando un método desarrol-
lado para valorar áreas del arrecife y asignar un simple valor relativo de 
conservación, diseñado para ser utilizado e interpretado a nivel local.  A cada 
uno de los doce sitios se le asignó un valor relativo de conservación “alto”, 
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“medio” o “bajo”, dependiendo de seis variables, como por ejemplo riqueza y 
diversidad de especies de peces y coral, valores que fueron aplicados a un 
simple SIG.  Dos de los sitios obtuvieron la clasificación de “alto”, y fue 
recomendado a PVC que estos sitios se manejasen como pequeñas AMPs 
dirigidas administradas localmente.  Los resultados y las recomendaciones del 
estudio fueron diseminadas mediante una serie de talleres y presentaciones 
para la comunidad y para los administradores del parque.  
 
PALABRAS CLAVES: Valor relativo de conservación, Reserva de la Biosfera 
UNESCO de Sian Ka’an, Áreas Marinas Protegidas, pesquerías tradicionales 
de langosta, Panulirus argus 
 
 
INTRODUCTION 
Location of most marine reserves has depended more on social criteria and 
opportunism than on scientific study (Roberts 2000).  Establishing permanent 
“no take” marine reserves where fishing and all other extractive activities are 
prohibited is an attractive but under-utilised tool for fisheries management 
(Bohnsack 1998).  Ideally, the most biologically diverse and productive 
habitats within a reef system need to be considered for protection if conserva-
tion and fisheries activity are to coexist.  Biodiversity levels have been widely 
used an indicators of conservation value (Margules and Usher 1981, and 
Magurran 1983).  Moreover, biodiversity is known to influence ecosystem 
functioning for terrestrial systems (Naeem et al. 1994, Tilman et al. 1997,  
Schmid et al. 2001) and is now similarly under investigation for aquatic 
systems (Giller, et al. 2004). 
The economic valuation of an ecosystem’s functions and services is also 
now well established (de Groot et al. 2002, Faber et al. 2002) and is becoming 
an increasingly more important tool in the designation of protected areas in the 
both the terrestrial and marine context.  Conservation value is a commonly 
used term in the field of tropical marine conservation and coastal zone 
management (Done 1995 and Edinger and Risk 2000).  Coral reef conservation 
value has been related to fisheries potential (Jennings et al. 1995), the biodiver-
sity of corals, invertebrates and reef fish (Edgar et al. 1997), and the habitat 
available for rare or endangered species.  Other conservation related values 
cited for coral reefs include aesthetic value  (Birkeland 1997), naturalness, 
uniqueness, accessibility, and representativeness (Alder et al. 1994). 
A number of studies have used estimates of coral reef conservation value 
to decide both the areas that require protection and the degree of zoning needed 
(Done 1995, Edinger and Risk 2000, and Edgar et al. 1997).  The latter study 
emphasised that measures of coral reef conservation should not be taxonomi-
cally based at the species level, in this case, hard corals, as many managers do 
not have much if any expertise in taxonomy.  This leads to the suggestion that 
there is a need for clear and simple tools to define conservation value from the 
baseline data collected on coral reefs.  Edinger and Risk (2000) based their 
conservation values on coral morphology.  In this paper we present a conserva-
tion management rating (CMR) that is based on coral reef flora and fauna 
biodiversity and abundance but is expressed as a simple scale to highlight areas 
  Walker, R.C.J. et al.  GCFI:57   (2006)  Page 51  
 
that are recommended for proposition as Marine Protected Areas (MPA’s).  
The CMR is easy to understand and can be combined with GIS data to 
accurately show the areas earmarked for conservation.  A worked example is 
presented using data collected by Coral Cay Conservation (CCC) volunteers 
from the Sian Ka’an UNESCO Biosphere Reserve (UNESCO-SKBR).  
 
 
Site Profile 
UNESCO-SKBR lies on the Yucatan Peninsular of southern Mexico 
within Quintana Roo, located between 19°05’20-20°06’N and 87°30’-87°
58’W.  The site was declared a Biosphere Reserve in 1986 and inscribed as a 
World Heritage Site in 1987 (Salvat et al. 2002).  The reserve covers approxi-
mately 6,808 km2 and is Mexico's third largest protected area.  Sian Ka’an is 
described as the largest effective nature reserve in Mexico and protects one of 
the most pristine expanses of wetland in Mesoamerica (Salvat et al. 2002). 
Approximately 1,000 people live in the reserve either in small family 
ranches along the coast or in the reserve’s two fishing settlements, Punta Allen 
and Punta Herrero.  At present the main economic activities is fishing predomi-
nantly for lobster (Panulirus argus) and occasionally finfish, which is regu-
lated by a local fisheries co-operative, Pescadores de Vigia Chico (PVC).  The 
lucrative lobster fishery within the reserve has so far been extremely success-
fully managed by the PVC with current regulations maintaining a seemingly 
sustainable fishery (Alvarez 2003). Jordan-Dahlgren et al. (1994) distinguish 
two main coral community types within the coastal environment of the reserve: 
a shallow water community colonizing raised features dominated by scleractin-
ians; and a deeper water community colonizing raised features.  It is the 
shallow water patch reefs of Ascension Bay that are exploited by PVC for P.  
argus.  At present the bay is split into 85 “fields” or zones by PVC, each of the 
78 fishers within the cooperative are responsible for management of their 
respective fields, or in some cases fields (Borges Arceo 1999). The fields 
encompass a mixture of reef habitats including seagrass beds and shallow 
patch reefs. Concrete lobster aggregating devices (sombras) measuring 
approximately 1m x 1m are left on areas of flat substrate within each field. 
Lobsters are harvested from under the aggregating devices using snorkelling 
gear.  A great sense of pride and responsibility is upheld within the cooperative 
and management techniques are respected by the fishing community (Walker 
et al 2004, Borges Arceo 1999), with strict minimum size limits on harvested 
animals, closed seasons and other management techniques strictly adhered to 
by the fishers.  
 
 
METHODS 
 
Survey Methods 
Surveys were conducted over a three-month period from September to 
November 2003 using underwater visual census with SCUBA gear, by a team 
of rigorously trained non specialist volunteers, and two marine biologists 
(Walker et al. 2004).  A total of 12 survey sites were selected within the 
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shallow reefal habitats of Ascension Bay based on discussion with La Co-
misión Nacional de Áreas Naturales Protegidas, (CONANP) who hold 
responsibility for the management of the reserve (Figure 1).  These sites 
measured approximately 100 m x 100 m.  The local names of the survey sites 
were maintained to aid with familiarity when the results were presented to the 
fishing community.  Two baseline surveys were conducted using methods 
adapted from the Meso-American Barrier Reef System Synoptic Monitoring 
Program (MBRS SMP) (Almada-Villela et al. 2003) and described in detail in 
Walker et al. (2004).  Method 1 adopted a 30 m long point transect technique 
to measure the percentage cover of substrate at each site.  Eight transects were 
deployed randomly, running perpendicular to the reef slope at each of the 12 
sites.  The nature of the substrate or organism directly below each transect was 
recorded every 25 cm using six different classification groups: coralline algae, 
turf algae, macro algae, sponges and gorgonians to life form level and stony 
corals to species level.  The health of all stony corals was noted.  Bleaching 
and disease were recorded, noting the extent and type of disease using nine 
categories taken from the Caribbean Coastal Marine Productivity Program 
(CARICOMP). 
Figure 1.  Ascension Bay showing the 12 survy sites: 1=  Sol, 2= Chenchomac, 
3 = Chenchomac 2, 4= La Colonia, 5= Punta Allen, 6= Mikes Reef, 7= Dani’s 
Buoy, 8= Niccehabim, 9= El Faro, 10= El Barco, 11=  Dani’s Buoy 2, 12= Mike’s 
Reef 2.   
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Method 2 consisted of a 30 m belt transect census of commercially 
important species of reef fish or those considered biological indicator species, 
as described by Almada-Villela et al. (2003).  Six transects were undertaken at 
each of the 12 sites visually censuring all species within the families Acan-
thuridae, Chaetodontidae, Haemulidae, Serranidae, Balistidae, and the species 
Aluterus scriptus, Catherhines pulles, C. macrocerus, Bodianus rufus, 
Lachnolaimus maximus, Caranx rubber, Microspathodon chrysurus, Sphyre-
ane barracuda.  
 
Data Analysis 
The establishment of a MPA is based on the need for environmental 
stability and the socio-economic demands placed upon the local natural 
resources. Ideally MPA sites should represent the richest and most ecologically 
important areas present.  The definition of a healthy coral reef community is a 
complex one and one that relies on a number of variables.  In this case study, 
the relative condition and therefore the relative management potential of each 
surveyed area is defined using a range of univariate indicators (Harding et al. 
2003). Each of these indicators was calculated for the 12 survey sites within 
Ascension Bay.  The factors used for each site were:  
i) mean percentage hard coral cover,  
ii) Marglef species richness and Shannon-Weiner Diversity Index of 
benthic species or life forms (except algae) associated with the site, 
iii) Marglef species richness and Shannon-Weiner Diversity Index of fish 
associated with the site, and  
iv) Mean hard coral cover mortality. 
Hard coral cover has been used as a general indicator of reef condition in 
the Caribbean for a number of years (Gardener et al. 2003) but does have some 
limitations (Edinger and Risk 2000).  The Shannon-Weiner index considers 
species proportionality and equitability, and is a widely used technique to 
measure biodiversity.  For coral reef studies see Hawkins and Roberts (1997), 
Reigl and Reigl (1995) and Hawkins et al. (1997).  Hard coral mortality due to 
disease and bleaching can give an indication of stress within a reef environ-
ment.  
Sites were then assessed in turn to determine how many of the calculated 
reef health variables were above the survey mean.  Each site was then given a 
rating using the number of univariate reef health indicators for which it scored 
above average. To facilitate easy interpretation of these values, the following 
classification scale was used: overall rating > 4 = high management potential, 
3-4 = moderate management potential and < 3 = low management potential.  
 
 
RESULTS 
The relative conservation management values of the 12 sites were assessed 
using the method developed by Harding et al. (2003). Table 1 gives the 
calculated values for the six univariate ‘reef health’ indices for the 12 sites as 
well as the survey means and gives each site a ‘score’ in terms of the number 
of occasions a site’s biological attributes exceed the survey means (where 
disease/bleaching  values less than the survey mean are scored). 
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Table 1.  C
alculated values for six reef health indicators and C
M
R
 for the 12 survey sites. V
alues in bold exceed the survey m
ean for that 
variable (except for the case of disease /bleaching w
here values <average are scored and indicated in bold).  
  
Live Substrate 
Fish 
  
Site 
%
 H
ard 
coral cover  
D
isease/ bleaching 
m
ean abundance / 
100m
2 
M
arglef spe-
cies richness  
Log
e Shannon- 
W
einer  index 
M
arglef spe-
cies richness  
Log
e Shannon- 
W
einer  index 
Variables 
>average  
C
onservation m
an-
agem
ent value  
S
ol 
17.51 
0.80 
1.60 
1.55 
2.51 
1.66 
1 
Low 
C
henchom
ac 
26.46 
0.11 
3.01 
2.19 
3.33 
2.29 
6 
H
igh 
C
henchom
ac 2 
8.13 
0.25 
1.28 
1.31 
2.01 
1.72 
1 
Low 
La C
olonia 
17.89 
0.11 
3.21 
2.19 
2.31 
1.67 
4 
M
edium
 
P
unta A
llen 
5.05 
0.15 
1.95 
1.65 
1.99 
1.51 
1 
Low 
M
ike’s R
eef 
11.42 
0.85 
2.43 
1.96 
2.74 
1.98 
4 
M
edium
 
D
ani’s B
uoy 
5.77 
0.05 
1.65 
1.43 
1.68 
1.40 
1 
Low 
N
iccehabim
 
12.28 
0.54 
2.10 
1.85 
2.73 
1.88 
4 
M
edium
 
E
l Faro 
10.69 
0.02 
2.54 
2.01 
3.31 
2.13 
5 
H
igh 
E
l B
arco 
6.18 
0.23 
1.94 
1.76 
2.35 
1.70 
1 
Low 
D
ani’s B
uoy 2 
11.98 
0.07 
3.23 
2.05 
2.88 
2.09 
5 
H
igh 
M
ike’s R
eef 2 
11.74 
0.13 
2.87 
2.02 
2.64 
1.92 
5 
H
igh 
Survey M
ean 
12.12 
0.29 
2.27 
1.81 
2.53 
1.82 
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Using this scoring system, four sites (Chenchomac, El Faro, Dani’s Buoy 
2 and Mike’s Reef 2) had five or six reef indicators greater than the calculated 
averages across all sites, with Chenchomac having all six indicators greater 
than the combined averages calculated (Figure 2).  Hard coral cover was the 
highest at Chenchomac at 26.46%. Chenchomac 2, Sol, Punta Allen, Dani’s 
Buoy and El Baco all scored low in this management-rating scheme. These 
results are represented in a simple colour coded geographical Information 
System (GIS) (Figure 2). 
 
Figure 2.  Ascension Bay showing the 12 survey sites with the high, medium or 
low CMR values assigned.  
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DISCUSSION 
The results of these surveys therefore indicate that four of the 12 sites 
surveyed within Ascension Bay are of high relative conservation management 
value, with a further three of medium value and five of low value.  The results 
of the three month survey was formally presented to PVC, CONANP, and 
other interested stakeholder groups, through a series of presentations, work-
shops and a report (Walker et al. 2004), all in both English and Spanish.  The 
authors recommended that the sites Chenchomoc and Mikes reef 2 be gazetted 
as “no take” areas on account of their high CMR.  It was suggested to CO-
NANP that the boundaries of the MPAs be marked with buoys.  An environ-
mental education program was carried out over three months in conjunction 
with the survey program within the community of Punta Allen, this program 
introduced the idea of MPAs and their benefits as a tool for fisheries manage-
ment.  Environmental awareness is generally high within the local fishing 
community, due to the lucrative nature of the fishery enabling many members 
of the cooperative to educate them selves to degree level. 
Even though the protected area is relatively small  (two sites of 10,000 
m2), Roberts and Hawkins (1997) report that for coral reefs almost no MPA is 
too small to benefit from no-take as a result of research in St Lucia.  Marine 
species have very open populations, with local replenishment often depending 
on reproduction else where.  Consequently, populations in small MPAs cannot 
be self sustaining.  In the case of the reefs of Ascension Bay, low population 
pressure and sound fishery management suggest the reefs are in reasonably 
healthy condition by wider Caribbean standards.  Mean hard coral cover was 
recorded at 12.1% across the 12 survey sites, higher than observations for the 
wider Caribbean, where hard coral cover is reported to have decreased by as 
much as 80% over the last three decades to just 10% cover (Gardner et al. 
2003).  Key biological indicator species such as triton (Charonia variegata) 
lobster (P. argus), and Chaetodontidae occurred in higher abundances (Walker 
et al. 2004) than regional means for the wider Caribbean (Hodgson and 
Liebeler 2002).  The two small community based MPAs suggested by the 
authors have a very good chance of success due to the responsible nature of the 
local resource users, and the generally healthy reefs within Sian Ka’an. 
The strengths of the CMR for MPA selection are that the data can be 
represented in its simplest form as in the case of Figure 2, and interpreted by 
decision makers more readily than complicated habitat maps for example.  The 
GIS can also be interpreted very easily at the community level, with fishers and 
local resource users being able to easily interpret the data, thus play a key role 
in local costal zone management decision making.  The very people all too 
often disenfranchised in such processes (Roberts 2000).  
One noticeable draw back of the CMR technique is that the method does 
not take into consideration the conservation importance of seagrass environ-
ments that are generally of low biodiversity compared to reefs but play and 
important role in fisheries recruitment as breeding and nursery grounds for 
many reef associated species.  Additionally, the CMR data presented graphi-
cally here were single points on a geo-referenced image (Figure 2).  Further 
use of remote sensing tools have enabled the production of thematic CMR 
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maps for a study region in the Mamanucas, Fiji (Comley et al. 2004), and the 
accurate calculation of reef areas that fall into the three ratings.  It should be 
noted that the CMRs calculated are specific to the study region and to the range 
of habitat status found there.  Comparison between different reef areas on a 
national or bioregional scale is not yet possible without considerable further 
development of the methods. 
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